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COMPARISON OF SCAB RESISTANCE OF POTATO TUBERS 
AS INDICATED BY THE FERRIC CHLORIDE TEST! 


LAWRENCE A. SCHAAL, GesTUR JOHNSON, AND A. O. Simonps* 


The testing of potato varieties for resistance to common scab caused 
by Streptomyces scabies (Thaxt.) Waksman and Henrici) has been a 
laborious and time-consuming task. It has been necessary to grow all 
new seedling selections in scab-infested soil which often is difficult to 
obtain. The availability of uniformly scab-infested soil has limited the 
value of such scab test plots in many places. The “scab gardens” established 
in various sections of the country and described by Stevenson ef al (6) 
have served to test new seedlings produced by potato breeders of the 
cooperating states and the U. S. Department of Agriculture. Hooker (1) 
investigated the possibility of growing potato seedlings in a medium 
inoculated with pathogenic races of S. scabies and he also (2) devised a 
method of growing tubers in pots with windows that permitted access 
to the young growing tubers without disturbing the growth of the plant. 

A chemical test indicative of scab resistance was suggested when Johnson 
and Schaal (3) showed that chlorogenic acid was present in larger 
quantities in cells adjacent to the periderm of resistant potato tubers than 
those of susceptible varieties. Since chlorogenic acid is localized in the 
cells directly under the epidermis and corky covering and in cells around 
the lenticels of the highly resistant varieties, it was relatively easy to 
devise a test that would not require destruction of the whole tuber. Such 
a test would permit any tested tuber to be used for seed purposes. 

MATERIALS AND METHODS 

When it was determined that scab resistance was associated with 
the amounts of chlorogenic acid present, a simple ferric chloride test for 
phenolic compounds was employed. This test consisted of placing several 
drops of 2 per cent aqueous ferric chloride solution on the surface of a 
tuber and macerating the tissue covered by the test solution with a 
stainless steel knife. The presence of chlorogenic acid in or near the 
lenticels was determined by pricking this area under a drop of ferric 
chloride solution, 

Johnson and Schaal (3) found that quantitative determination of 
chlorogenic acid showed larger amounts in the peelings from Russet 
Burbank and Yampa varieties than in those from Triumph. A test of the 
distribution of chlorogenic acid in the tuber consisted of spreading the 
ferric chloride solution over the fresh cut surface of a half of a tuber 
and noting the production of the green color. In the resistant varieties 
the color reaction was greatest near the surface. In some highly resistant 
varieties the chlorogenic acid was noted throughout the tuber but with 
the greatest concentration occurring in the cells directly under the 
corky covering. 
1Accepted for publication June 26, 1953. 

Published with the approval of the Director, Colorado Agricultural Experiment 
Station, as Scientific Series Paper No. 416. 

2Pathologist, Bureau of Plant Industry, Soils, and Agricultural Engineering, Agri- 
cultural Research Administration, United States Department of Agriculture; 
Assistant Chemist ,Agricultural Experiment Station, Colorado A. & M. College, and 


Botanist, Agricultural Experiment Station, Colorado Agricultural and Mechanical 
College, Fort Collins, Colo. 
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The effect of age and size of tubers on this test for chlorogenic 
acid was determined by using resistant and susceptible tubers varying 
from small immature tubers, 1 inch to 1% inch in diameter, to large 
mature tubers that had been stored for 4 months. 

Tests for the presence of chlorogenic acid were also made on the 
sprouts and stems of resistant and susceptible varieties by macerating 
the tissue and applying ferric chloride solution. 


EXPERIMENTAL RESULTS 


When the presence of chlorogenic acid in potato tubers was first 
demonstrated by the use of ferric chloride (3) the possibility of applying 
this test to new seedling selections was suggested. To evaluate the 
reliability of the ferric chloride color reaction a large number of potato 
varieties of known scab resistance were tested. A large sample of seedling 
varieties was also available and was given the ferric chloride color reaction 
test. Some were tested when they were immature (1 inch to 1% inch 
in diameter) and again when they were mature after being stored for 
4 months. Table 1 lists the tested commercial varieties, a few of the 
110 seedling selections of known scab resistance, and shows the comparative 
results of the ferric chloride test and the actual scab reactions of tubers 
grown in “scabby soil’’ at Gilcrest, Colorado. 

In most cases, the color reaction was somewhat greater in the 
immature than in the mature tubers, and there was some variation in 
those varieties that showed medium scab resistance. The difference in 
color reaction between varieties having a very shallow No. 1 type pustule 
and a deep No. 4 type was distinct; a deep green color in the case of 
the No. 1 type and practically no color in the case of the deep No. 4 
type pustule. However, it would be difficult to distinguish varieties having 
No. 2 type pustules from those having a No. 3 type by the difference in 
green color exhibited. Plate 1 shows the ferric chloride color reaction 
test on mature tubers which had been stored for 90 days at approximately 
40° F. This test included Colorado Seedlings 10548, highly resistant to 
scab, 6362, moderately resistant, and 10628, susceptible ; also two susceptible 
commercial varieties, Triumph and Irish Cobbler. The seedling selection 
10628 and the susceptible Triumph and Irish Cobbler showed practically 
no color reaction with ferric chloride at any stage of growth. 

Eleven named varieties and twenty-one seedling selections of known 
scab resistance were tested with the ferric chloride test when the tubers 
were immature and again 4 months after harvest as shown in table 1. 
All varieties highly resistant in the field showed a strong color reaction 
when immature and also when mature. Ninety-one additional seedling 
varieties of known field reaction to scab were tested 4 months after 
harvest and similar results were noted. 


RELATION OF CHLOROGENIC AcID IN LENTICELS 
AND SPROUTS TO RESISTANCE 


In some highly scab-resistant varieties chlorogenic acid appears to 
be concentrated in or near the lenticels, which serve as the natural infection 
courts for entrance of the scab organism. Longree (4) and Lutman and 
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4, 5. 6. 


Pate 1.—Chlorogenic acid test for scab resistance. 

The intensity of color in the circled areas indicates the degree of scab resistance 
exhibited by: 

(1) Highly resistant CS. 10548. 

(2) Medium resistant CS. 6362. 

(3) Susceptible CS. 10628. 

(4) Susceptible Irish Cobbler. 

(5) and (6) Susceptible Triumph. 
Triumph (6) shows practically no color reaction with ferric chloride, whereas 
Triumph (5) shows a slight green color, indicating a higher concentration of 
chlorogenic acid in tissue close to scab pustules. 


Cunningham (5) associated scab resistance with structural differences, 
especially those near the lenticels. There may be a relation between 
presence of chlorogenic acid in or near the lenticels and the morphologic 
characters they observed, but in these studies no comparisons were made. 

USDA seedling variety 627-164 gave a strong lenticel color reaction. 
This seedling selection has been grown in scab test plots in several 
states, and in all locations it was highly resistant to scab. Hindenburg, 
another highly resistant variety, showed chlorogenic acid concentrated 
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TasLe 1.—The relation of scab resistance of potato tubers to their color 
reaction following treatment with ferric chloride. 


Vari Immature Tubers! Mature Tubers? 
Rerric pocab Ferrie Chloride Reaction® 
i J ustule loride ustule etween 
Russet Burbank .......... 1 44 1 3-4 3-4 
3 0-1 4 0 0 \ 
2 2-3 2 3-4 3 j 
Ee J 0-1 4 0 0 
Hindenburg .................. 1 44 1 4 3-4 
Irish Cobbler ................ 4 0-1 4 0 0 
‘ Rqrmenec .................... 3 0-1 4 0-1 0 
3 0-1 4 0-1 0 
3 1-2 3 0-1 0 
ee 3 0-1 4 0-1 0 
White Cloud ................ 3 1-2 4 0-1 0 
USDA 627-164 ............ 1 44 1 4 44 
1 3-4 1 3-4 3-4 
2 2-3 2 2-3 2-3 
1 3-4 1 4 4 
CS. 10628 ......... 3 1-2 3 1-2 0-1 
0-1 4 0 0 
4 0 4 0 0 
1 + 1 2-3 3 
3 2 1-2 1-2 
44 1 3 3 
2 2 2 1-2 2 
CS... .... 1 4 0 1 
CS. 11591 ..... 4 0-1 4 0 0-1 
3 3 2 2-3 
2 1-2 2 1-2 2 
CS. 11675 .. 2 2-3 2 3 3 
B. 899-42 3 1-2 4 1 
B. 2160-15 ............ 2 2-3 2 2 3 
Neb. 213-43-3 .. 3 0-1 4 0 0 i 
Neb. 311-43-1 .... k 0-1 4 0 0 
Neb. 120-4-6 . mat 2 1-2 | 3 1 1-2 
1Less than 43 mature, 1 inch to 1% inch in diameter. 
“Harvested after vines were dead and stored 4 months before ferric chloride test was 
made. 


3Scab type 1: superficial and shallow. 
Scab type 2: shallow. 
Scab type 3: medium deep. 
Scab type 4: deep pit type. 
4 (0: none. 
1-2: weak green color. 
3-4: strong green color. 
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around the lenticels, whereas the susceptible varieties showed none or 
only a weak color reaction. Several seedling selections that were resistant 
to scab in the field gave a strong color reaction when the lenticels were 
treated with ferric chloride. This suggests that the localization of chloro- 
genic acid in or near the lenticels is perhaps more important than the 
total amount present in the skin of a tuber. 

Ferric chloride was also applied to the growing tip of sprouts 
approximately 2 inches long, before they emerged above the surface of 
the soil, and to the stems of small potato plants. The sprouts of all varieties 
showed the green color indicating presence of chlorogenic acid, but as in 
the tubers, the intensity of the color varied in approximately the same 
degree. The young stems of even the highly scab-resistant varieties did 
not show the green color reaction. 

The tubers of all varieties contain some chlorogenic acid and there is 
a tendency for it to become concentrated around and under aerated 
cells of scab pustules, lenticels, and injuries on a_ susceptible variety 
(Plate 1). Therefore, the ferric chloride test should be applied to an 
area of a tuber away from an injured or diseased area. 


DiscussION AND CONCLUSIONS 


When the ferric chloride test for the presence of phenolic compounds 
having the orthodihydroxy grouping was applied to potato tubers, the 
amount of chlorogenic acid was found to be higher in scab-resistant tubers 
than in susceptible ones. Quantitative determinations of chlorogenic acid 
in the skins of resistant and susceptible varieties of potato tubers further 
confirmed this relationship. These experiments were designed to test the 
use of ferric chloride to detect the presence of chlorogenic acid in the 
tissues directly below the normal covering of a tuber, as well as in and 
near the lenticels. 


Varietal reaction to scab was determined by growing potatoes in scabby 
soil. A large number of commercial and seedling potato varieties of known 
reaction to scab were tested with 2 per cent ferric chloride for the 
characteristic green color reaction of chlorogenic acid. Highly resistant 
varieties showed a dark green color reaction when the surface of a tuber 
was macerated through a drop of ferric chloride solution. The color 
reaction of susceptible varieties was pale green or absent. 


Whereas the green color reaction indicative of chlorogenic acid is 
equally distributed between the lenticels in most resistant varieties, certain 
highly resistant ones show a very dark green color in the immediate 
vicinity of the lenticels. This indicates that chlorogenic acid is more 
concentrated in the cells around the lenticels. 


The tips of sprouts of resistant and susceptible varieties showed the 
presence of chlorogenic acid when treated with ferric chloride. The more 
resistant varieties showed a deeper green color. On the more mature stems 
of potato plants no color reaction was noted. 


These results suggest that the ferric chloride color reaction is indicative 
of varietal resistance to scab and may be used to eliminate the completely 
susceptible varieties and its use will speed up the testing of seedling varieties 
for scab resistance. 


| 
| 
| 
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THE RELATION OF CUMULATIVE AMOUNT AND 
FREQUENCY OF RAINFALL AND MEAN TEMPERATURE 
TO LATE BLIGHT IN INDIANA! 


J. R. Watiin? R. W. Samson* 


On the eastern seaboard cumulative weekly mean amount of rainfall 
and weekly mean temperature have been suggested as the most reliable 
indicators of the development of the late blight pathogen, Phytophthora 
infestans, in the field (2,3,4). For given areas on the east coast, blight 
forecasts have been developed by comparing the cumulative weekly mean 
amount of rainfall and weekly mean temperatures of the severe-blight and 
no-blight years for a particular locality to a ‘critical’ line for temperature 
and for rainfall (1,5,6). The critical temperature line was arbitrarily set 
as 75° F. and the rainfall line was established as halfway between the 
cumulative average weekly rainfall of the severe- and no-blight years. 
Blight was forecast for a particular area if for two or more consecutive 
weeks temperatures were below 75° F. and cumulative rainfall was above 
the critical line. 

‘Accepted for publication June 16, 1953. 

Journal paper No. 708 of the Purdue Agricultural Experimental Station, Lafayette, 
Indiana, Project 595. Report of a study conducted under the Research and Marketing 
Act of 1940. The investigation was conducted cooperatively between the Purdue 
Agricultural Experiment Station and the Division of Mycology and Disease Survey, 
Bureau of Plant Industry, Soils, and Agricultural Engineering, United States De- 
partment of Agriculture, Washington, D. C. 

*Pathologist, Division of Mycology and Disease Survey, United States Department 
of Agriculture, lowa State College, Ames, Iowa. 


%Professor, Department of Botany and Plant Pathology, Purdue University, Lafayette, 
Ind. 
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In Iowa, the critical temperature and rainfall amount lines successfully 
separated the severe- from the no-blight years but did not differentiate 
the trace- and no-blight years (9). The lack of agreement between these 
results and those obtained on the eastern seaboard might be due to 
conditions associated with climatic differences between the two areas. For 
example, on the eastern seaboard rainfall is heavier and occurs with greater 
frequency than in Iowa. On the seaboard 50 per cent or more of the rain 
falls during the daytime; whereas in Iowa, 60 per cent or more of the 
rain occurs at night. 

Obviously, there would be one distinct advantage to the use of 
temperature and rainfall data in blight forecasting, i.e. the availability, 
of data obtained by the United States Weather Bureau. The Weather 
Bureau through its vast network of stations would supply a large volume 
of temperature and rainfall data taken from many stations over a wide 
area. Consequently, a forecast for an extensive area could be developed. 

The existence of sectional differences in rainfall pattern suggested 
that in spite of the Iowa results, forecasts based upon temperature and 
cumulative rainfall data might be successful in Indiana. Moreover, results 
of the Iowa study suggested that blight development might be correlated 
more closely with rainfall frequency than amount. Hence, the purpose of 
the present study was to explore the relationship of Indiana blight 
development to temperature in conjunction with cumulative amount and 
frequency of rainfall. The findings are presented herein. 


THe OccurRENCE OF LATE BLIGHT IN INDIANA 1914-1951 


The late blight severity noted during the individual years was obtained 
from the disease records maintained by the Purdue University Department 
of Botany and Plant Pathology (Table 1). 

There was no blight in the northern and southern sections for 26 
and 31 years, respectively. In the following study northern and southern 
Indiana were considered independently because of their unique weather- 
blight histories. 


Taste 1.—The northern and southern Indiana blight years. 


Northern 
Severe Moderate 


1915 1926 
1942 1938 
1945 1939 
1950 194° 
1948 
1949 
1951 


Southern 


1947 
1948 
1949 


| 
| Trace 
i | 1915 
i 1945 
| 1946 
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COMPILATION OF THE INDIANA TEMPERATURE AND RAINFALL DATA 


Northern section : Two stations, Bluffton and Huntington, were chosen 
to represent this section. The temperature and weekly amount and frequency 
of rainfall for these stations were compiled from the Indiana Climatological 
Data of the United States Weather Bureau. A 15-week period trom 
June 1 to September 13 was considered. First, the potato plants in Indiana 
usually have enough foliage by June 1 to support the late blight pathogen. 
Second, that date is about four weeks before the period, June 29, that 
blight has been first reported in the state. Assuming that the pathogen 
developed with the sprouting potato stem, four -weeks of favorable 
temperature and humidity should allow the pathogen to develop noticeably. 

Southern section: In the manner cited above, the temperature and 
rainfall data were tabulated for three stations — Washington, Princeton 
and Shoals. 


ANALYSES OF THE CUMULATIVE RAINFALL AMOUNT 
AND FREQUENCY LINES 


By the method of least squares (7), straight lines were fitted to 
the cumulative rainfall amount and frequency data. The calculated slopes 
of the yearly cumulative rainfall appear in tables 2 and 3. The variance 
analyses of the slopes of the blight severity groups were computed and 
recorded in the same tables. 

The differences between the northern Indiana group means were 
highly significant by the F test. This was because of the significant 
difference between the severe- and no-blight group means. The southern 
Indiana group means were not significantly different. 

The calculated slopes of the yearly cumulative rainfall frequency 
lines for both sections of the state were grouped in tables 4 and 5. As 
shown by the variance analyses in the tables, there were significant 
differences between the means for the southern section. 


THe RELATIONSHIP OF WEEKLY MEAN TEMPERATURE AND 
CUMULATIVE RAINFALL TO LATE BLIGHT SEVERITY 


Before the relationship of blight severity to temperature and rainfall 
in northern and southern Indiana could be evaluated, arbitrary ‘critical’ 
temperature and rainfall lines were established as bases for comparison. 
The ‘critical’ temperature line was set at 75° F. The rainfall amount 
and/or frequency line was established midway between the means of 
the slopes of the severe- and no-blight groups. 

The relationships of weekly temperature and rainfall to the ‘critical’ 
lines were determined from four different rainfall-temperature combinations 
in an attempt to obtain the best combination from which to forecast blight. 
The four combinations were (1) temperatures 75° F. or less, weekly 
cumulative rainfall amount equal to or above the ‘critical’ line; (2) 
temperatures 75° F. or less, weekly increment of rainfall equal to or 
greater than the increment of the ‘critical’ line; (3) temperatures 75° F. 
or less, weekly cumulative rainfall frequency equal to or greater than the 
‘critical’ line; and (4) temperatures 75° F. or less, weekly frequency 
of rainfall equal to or greater than the weekly frequency of the ‘critical’ 
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TaBLe 2.—Slopes of 36 least squares lines through cumulative rainfall 
points for the fifteen week period beginning June 1 at two stations in 
northern Indiana. 


Blight Severity 


Z 


Year | Severe Year Moderate 


1915 
1942 96 
1945 99 
1950 ‘97 


Sx 


x 
Sx2 
K 


Analysis of variance of slopes of three classes of blight years. 
Source variation 
Between groups 
Within groups 


F = .16/.03 = 5.33** 


line. Using these combinations, a positive blight forecast was assumed 
if any two consecutive weeks during June had temperature and rainfall 
favorable for blight. 

The hypothetical blight forecasts or more accurately, ‘Hindcasts,’ 
developed from these comparisons are summarized in table 6 along with 
comparisons of the weekly rainfall increment to the increment of the 
‘critical’ line. 

Rainfall and temperature alone were inadequate bases for blight 
forecasting. The ‘no’ forecasts were most accurate. 


| 
| | | | Year | None 
; | 1926 | 93 1914 65 
| 1938 76 1916 "86 
1939 92 1917 ‘85 
1947 119 1918 93 
1948 74 1919 38 
1951 1.04 1920 1:00 
1921 ‘81 
1922 | ‘63 
1923 ‘94 
10 | | 1924 '99 
1925 ‘60 
12 | 74 
13 | 1928 ‘91 
14 1929 1.16 
15 1930 "74 
16 1931 | 7 
17 1932 ‘87 
18 1933 ‘49 
19 | 1934 ‘37 
20 1935 77 
21 | 1936 63 
22 | 1937 1.22 | 
: 23 | 1940 62 
24 | 1941 ‘84 
25 1943 '83 
26 | | 1944 27 
| 4.21 5.59 20.27 
105 | | 78 
| 450 §.33 16.87 
4 | | 26. 
MS 
16 
03 
| 
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TABLE 3.—Slopes of 37 least squares lines through cumulative rainfall 
points for the fifteen week period beginning June 1 at three stations in 
southern Indiana. 


Blight Severity 


Severe Year Moderate 


Zz 


1947 89 
1948 95 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 


Analysis of variance of slopes of three classes of blight years. 
Source variation 
Between groups .. 
Within groups 


F = .09/.06 = 1.5 


DISCUSSION 


Rainfall, whether at night or during the day, usually insures the 
occurrence of the 2 conditions that favor late blight epiphytotics, i.e. 
low temperature and wet foliage. Both of these conditions are essential 
to the completion of three phases in the life cycle of the pathogen 
growing in host tissues, i.e. sporulation, germination and infection. 


Year (Year None 
| 
1915 | 1,23 1914 52 
1945 77 1916 | 1.54 
| 194 1.30 1917 1.12 
1950 98 | 1918 1.06 
1919 59 
| 1920 | 28 
1921 81 
1922 | 06 
1923 1.03 
1 | 1924 79 
1 1925 | 76 : 
| 1926 | 80 
1 | 1927 80 
14 | 1928 1.05 
15 | 1929 80 
16 | 84 
17 1931 85 
18 | 1932 | 93 
19 1933 47 
20 | 1934 1.22 
; 21 1935 97 
22 | 45 
23 | 1937 77 
24 1938 1.09 
25 1939 82 
26 1940 45 
27 1941! 94 
28 1942 1.18 
29 1943 77 
30 1944 43 
31 1951 92 
Sx 4.28 1.84 32.33 
x 1.07 92 85 
Sx2 4.75 1.69 24.06 
| K 4 2 31 
MS 
09 
06 
| | 
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TaBLe 4.—Slopes of 36 least squares lines through cumulative rainfall 
frequency points for the fifteen week period beginning June 1 at two 
stations in northern Indiana, 1914 - 1951 


Blight Class 
Year | Severe Year 


1914 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1940 
1941 
1943 
1944 


1926 
1938 
1939 
1947 
1948 
1951 | 


ONNDN © onty 


Wh 
wn 


BD 


1. 
2. 
2. 
2 

1, 
1. 
1. 
1 

2. 
2. 
1 

1, 
2. 
1 

1 

2. 
1. 
1 
2. 
1 

y 
2. 
2. 
2 
1. 
0. 


Analysis of variance of slopes of three classes of blight years. 


Source variation D/F SS 
Between groups ............. 2 86 
Within groups ......................-. 33 5.90 


F = .43/.18 = 239 


However, the results of the hypothetical blight forecasts developed 
from cumulative amount or frequency of rainfall in combination with 
temperature data demonstrated that in Indiana rainfall alone was unreliable 
as an indicator of favorable moisture conditions for the pathogen. In 
general, of the two expressions of rainfall employed, amount and frequency, 
the forecasts developed from amount of rainfall in conjunction with 
temperature were the most accurate. 

The low accuracy of all forecasts obtained from the u‘e of the various 
temperature-rainfall combinations indicated that there might be other 
moisture phenomena influencing blight development. Such phenomena 
might be dew deposition, fog formation, or guttation water, all of which 


No. | ee | None 
1946 | 1.73 | | 
| | | 
4 | 
1 | 
1 
12 | | 
13 | 
14 | | 
15 | 
16 
7 | 
18 | 
19 
20 
21 
22 | 
23 
24 
25 
2 
Sx 9.41 13.55 1.73 5 
x 2.39 2.26 1.95 
Sx? 22.59 30.93 104.93 
K 4 | 6 26 
MS 
43 
18 
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TABLE 5.—Slopes of 37 least squares lines through cumulative rainjall 
frequency points for the fifteen week period beginning June 1 at three 
stations in southern Indiana, 1914 - 1951. 


Blight Class 


| 
| 


No. Year Severe | Year Moderate Year N 
1 1915 2.75 1947 2.20 1914 
2 1945 | 2.66 | 1948 2.37 1916 2.08 
3 1946 1.80 1917 1.66 
4 1950 1.93 1918 1.48 
5 1919 1.35 
6 1920 1.58 
7 | 1921 1.79 
8 | 1922 1.38 
9 | 1923 1.81 
10 1924 1.64 
11 1925 1.90 
12. | 1926 2.06 
13 1927 1.63 
14 1928 2.50 
15 1929 1.91 
16 | | 1930 1.37 
17 | | | | 1931 1.85 
18 | | | | 1932 1:82 
19 | | 1933 LS 
20 | | | | 1934 2.36 
21 | | | 1935 272 
22 | | 1936 1.10 
23 1937 | 1.18 
24 | 1.95 
25 | {| 1939 | 2.22 
26 1940 1.53 
27 | 1941 2.24 
28 | 1942 2.72 
29 | 1943 1.50 
30 1944 1.43 
31 1951 2.30 
Sx 9.14 4.57 56.13 
x 2.29 229 ; 1.81 
Sx? 21.6 10.46 | 107.26 
K 4 2 31 
Analysis of variance of slopes of three classes of blight years. 
Source variation D/F SS MS 
Between groups ...... 2 1.21 61 
Within groups 4.21 2 


34 


provide leaf surface moisture enabling the spores of P. infestans to 
germinate and effect secondary infection. In Indiana, these phenomena 
in conjunction with temperature and rainfall amount probably determine 
the success or failure of late blight development. 

The expectation that temperature and rainfall data manipulated as 
shown in the text would indicate the presence or absence of blight overlooks 
another very important consideration — the presence of the blight pathogen 


: F = .61/.12 = 5.08* 
t 
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TABLE 6.—Accuracy of northern and southern Indiana late blight fore- 
casts developed from four combinations of temperature and rainfall data. 


Percentage Accuracy of 
Forecasts of Blight 


Presence 
and Absence 


North South 


Presence Absence 


Temperature-Rainfall 
Combination | North South | North South 


1. Temperature 
weekly mn. = 75° F. 
Rainfall 
cum. wkly. mn. amt. S 
the critical slope .................... 


| 


2. Temperature 
weekly mn. = 75° F. | 
Rainfall 
cum. wkly mn. freq. S | 43 22 88 89 | 62 57 


3. Temperature 
weekly mn. = 75° F. 
Rainfall 
wkly. mn. amt. 5 wkly. | 
increment of critical 47 20 89 90 61 
amount slope .........................- | 


4. Temperature | 
weekly mn. = 75° F. | 
Rainfall 
wkly. mn. freq. = wkly. 
increment of critical 43 94 


64 58 


in the field. Forecasts, such as those developed herein, must assume the 
omnipresence of the blight fungus. Obviously, this has not been so in 
Indiana. 


Apparently, if late blight inoculum is present, it may develop whether 
or not there are two consecutive weeks of favorable temperature and 
rainfall as indicated by the ‘critical’ lines. This fact can be exemplified 
graphically. Assuming that blight severity reflects temperature and rainfall 
fluctuations, another obvious limitation imposed by adherence to the 
‘critical’ lines is the exclusion of information relating to time of season 
that favorable blight conditions obtain. Three weeks of favorable tempera- 
ture and rainfall in June would be more likely to enhance the establishment 
of Phytophthora infestans than three favorable weeks in August. Of 
course, the above statement is based upon the assumption that the blight 
fungus emerges with the developing shoot shortly after the seed pieces 
are planted. 

Whether favorable conditions obtain in June or August, blight would 
be forecast in either case and would be found most likely to occur in 
June or early July. There seems to be little chance for long distance 
dissemination of the late blight sporangia (8,10). 


| 
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SUMMARY 


Temperature and rainfall amount and frequency data from Bluffton, 
Huntington, Washington, Princeton and Shoals, Indiana were analyzed in 
relation to the occurrence of late blight in northern and southern Indiana 
for the period 1915 through 1951. 

Highly significant differences between group means were obtained 
for the northern Indiana rainfall amount slopes. The southern Indiana 
slope means were not significantly different. 

The means of the slopes of the cumulative rainfall frequency lines 
were significantly different for southern but not northern Indiana. 

A ‘critical’ slope for the cumulative amount and frequency of 
rainfall was computed as the slope midway between the means of the 
severe- and no-blight year groups. 

Four combinations of temperature and rainfall were employed to 
formulate hypothetical late blight forecasts for northern and southern 
Indiana. 

The greatest percentage of accurate forecasts for both sections of 
the state was obtained from the use of the combination of weekly mean 
temperature 75° F. or less and cumulative rainfall equal to or greater 
than the critical slope. However, all forecasts for northern and southern 
Indiana were only 65 and 67 per cent accurate, respectively. 

In both sections of the state the no-blight years were predicted with 
the greatest accuracy by all temperature-rainfall combinations. 
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STUDIES ON THE INTER-RELATIONSHIPS BETWEEN 
TAXONOMIC SERIES IN THE SECTION TUBERARIUM, 
GENUS SOLANUM. 1. COMMERSONIANA AND TUBEROSA' 


M. S. SWAMINATHAN? 


The commercial potato, Solanum tuberosum, belongs to the subsection 
Hyperbasarthrum of the section Tuberarium. Fifteen taxonomic series 
have so far been described in this subsection. Eight of these — Conicibaccata 
Bitt., Juglandifolia Rydb., Tuberosa Rydb., Commersoniana Buk., Etuber- 
osa Juz., Acaulia Juz., Cuneolata Hawkes, and Megistacroloba Card. et 
Hawkes are found in South America. Seven series — Bulbocastana Rydb., 
Pinnatisecta Rydb., Cardiophylla Buk., Demissa Buk., Longipedicellata 
Buk., Polyadenia Buk., and Trifida Correll are found in Mexico and 
Central America. Some species of Conicibaccata are also found in Mexico. 
The series Bulbocastana, Cardiophylla, Pinnatisecta, Trifida and Commer- 
soniana possess stellate corollas and the rest, rotate corollas. 

Our information with reference to the inter-relationships among 
species belonging to the different taxonomic series in the section Tuberarium 
is still fragmentary. A knowledge of the cytogenetic relations between S. 
tuberosum and the other species with economically valuable characters 
will help to forsee which hybrid combinations can best be handled by 
the breeder. The present paper summarizes one approach to the study 
of such problems. 

The series Commersoniana was described by Bukasov in 1937. It 
contains species with 24 and 36 chromosomes. These species occur most 
frequently in the Plata region of Argentina and Uruguay. Some of them 
possess considerable resistance to certain insect pests. S. chacoense, a 
24-chromosome species belonging to this series, has been used in breeding 
programs to obtain varieties resistant to the colorado beetle (Leptinotarsa 
decemlineata Say). Torka (12) has summarized the results of this work. 

The series Tuberosa was described by Rydberg in 1924. It contains 
species with 24, 36, 48 and 60 chromosomes. There are both wild and 
cultivated species in these chromosome groups. The species are found 
along the whole range of the Andes. The cultivated species are concentrated 
in Bolivia, Peru, Chile, Ecuador and Colombia. There is a considerable 
variation in morphological characters among species of Tuberosa and 
Bukasoy (1) has recognized several subgroups within this series. 


MATERIAL AND METHODS 


The following species were used in the study. 

Commersoniana: S. chacoense Bitt., S. parodti Juz. et Buk., S. saltense 
Hawkes, S. schickii Juz. et Buk., and S. subtilius Bitt. 

Tuberosa: S. ajanhuiri Juz. et Buk., S. berthaultii Hawkes, S. calcense 
Hawkes, S. macolae Buk., S. rybinii Juz. et Buk., S. simplicifolium Bitt., 
S. stenotomum Juz. et Buk., S. yabart Hawkes and S. tuberosum L. 


1 Accepted for publication July 3, 1953. 
Paper No. 523 from the Department of Genetics, College of Agriculture, University 
of Wisconsin. This work has been aided by a grant from the Wisconsin Alumni 
Research Foundation. 

2Project Associate in Genetics, University of Wisconsin, Madison, Wis. 
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All the above species, except S. tuberosum (2n=48), are diploids 
(2n=24). Among these diploid species, S. ajanhuiri, S. rybinii, S. steno- 
tomum and S. yabari are cultivated and the rest are wild species. 

Several species of Commersoniana possess resistance to flea beetles, 
leafhoppers and colorado beetles. Besides insect resistance, some varieties 
of S. chacoense have also been found to possess resistance to scab and 
virus-Y (see data compiled by Hougas (4)). S. saltense (C.P.C. 5lb) 
has a high degree of resistance to Alternaria solani Charles (2). 

Meiotic configurations were studied in microsporocytes which had 
been fixed in acetic alcohol (3 absolute alcohol : 1 acetic acid) to which 
a few drops of a saturated solution of ferric chloride had been added. 
Squashing in a drop of acetocarmine gave satisfactory preparations. 

Chromosome doubling was induced in the species and species hybrids 
by the colchicine-agar seed treatment method Swaminathan (10). The 
induced polyploids were used as pistillate parents in crosses with S. 
tuberosum. The S. tuberosum varieties used as pollen parents were Katahdin 
and Cl.B.72 (a selection of Mr. J. Clark of Ireland which includes in its 
parentage the varieties Craigs Defiance, Ballydoon and Katahdin). 


RESULTS 


A. Diploid species hybrids: The following hybrids were studied (figures 
in brackets represent Commonwealth Potato Collection numbers). S. 
macolae x S. simplicifolium, S. yabari (452) x S. stenotomum (1482), 
S. parodii (1316) x S. saltense (5lb), S. stenotomum (267) x S. saltense 
(5lb), S. calcense (450) x S. saltense (5lb), S. calcense (450) x S. schickii 
(1155), S. ajanhuiri x S. chacoense, S. chacoense x S. rybinit, S. subtilius 
x S. berthaultii and S. schickii (1155) x S. stenotomum (1778). The 
first three are intra-series hybrids and the rest are inter-series ones. 

All the hybrid plants were vigorous in growth and flowered well. 
A study of microsporogenesis showed that one bivalent is usually associated 
with the nucleolus at diakinesis. Twelve bivalents were frequently found 
at diakinesis and metaphase I. Occasionally, there were 11 bivalents and 
2 univalents. The subsequent stages were regular and the plants had a 
high percentage of stainable pollen (80 to 95). All the hybrids set 
berries following sib-crosses and the berries contained viable seeds. A 
study of the correlation between the number of seeds per berry formed 
in the hybrids and the number found in the parent species showed that 
hybrids from Tuberosa? x Commersoniana g crosses had 66.8 per cent 
(bi-parental mean = 100) and Commersoniana? x Tuberosaé hybrids, 
73.8 per cent. No such reduction in seed fertility was found in the 
intra-series hybrids. 

The Fy, progenies of these species crosses contained a certain proportion 
of aberrant plants (seedlings that failed to expand the cotyledons, seedlings 
that died within 4 weeks, unthrifty seedlings having deformed leaves, 
flowers, etc.,). The mean percentage of such plants was 21.25 in the 
Tuberosa x Commersoniana crosses and 26.66 in the reciprocal species 
group matings. On the other hand, Fy, S. yabari x S. stenotomum had 
practically no unthrifty plants. A detailed description of the behavior of 
these and other diploid species hybrids studied by the author is given 
elsewhere Swaminathan (11). 
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B. Polyploids: Seeds of some diploid species and species hybrids were 
treated with colchicine and auto- and allo-tetraploids were thus obtained. 
These were crossed with varieties of S. tuberosum. The meiotic behavior 
of these auto- and allo-tetraploids has been referred to by Howard and 
Swaminathan (5) and is described fully by Swaminathan (11). The 
results showed that 1. in allotetraploids from diploid species which are 
quite distinct, like S. rybinii and S. chacoense, the multivalent frequency 
is significantly lower than that found in the autotetraploids derived from 
the parental species; and 2. there is no significant difference in the 
multivalent frequency in auto- and allo-tetraploids if the species involved 
are closely related, e.g., S. parodii and S. saltense; S. yabari and S. 
Stenotomum. 

C. Hybrids between auto- and allo-tetraploids and S. tuberosum: 

1, Autotetraploids x S. tuberosum: Seeds obtained following crosses 
between tetraploid S. rybinii and S. chacoense 2 and S. tuberosum é gave 
healthy plants. The rybinii-tuberosum hybrids resembled S. tuberosum in 
morphological characters. The chacoense-tuberosum hybrids were inter- 
mediate in leaf and corolla shape; they also had prominent interjected 
leaflets unlike the S. chacoense parent used in this cross which was 
characterized by the absence of such leaflets. 

The chromosome associations at M I in rybinii-tuberosum and cha- 
coense-tuberosum were 1.95, + 17.554, + + (22 cells) 
and 0.9, + 22.45,, + 0.55,,, (20 cells) respectively. At M II, 64 per 
cent of the plates examined in rybini-tuberosum and 81 per cent in 
chacoense-tuberosum had 24 chromosomes. Two plants of rybinii-tuberosum 
had 44 and 51 per cent good pollen respectively. There were 75, 86 and 
88 per cent stainable pollen in 3 plants of chacoense-tuberosum. Both the 
hybrids gave no seeds on selfing or sib-crossing. They could, however, 
be readily backcrossed to S. tuberosum. 

2. Allotetraploids x S. tuberosum: A list of the hybrids studied and 
the taxonomic groups of the parent species are presented in table 1. 
All the hybrid seedlings were vigorous in growth. The leaves were 
broader in the (macolae-simplicifolium) x tuberosum plants than in 
Katahdin, the variety of S. tuberosum used. The broad leaf type is a 
character of S. simplicifolium origin. The (yabari-stenotomum) x tuberosum 
plants were like tuberosum in floral and leaf characters and gave a good 
tuber yield. Allotetraploid parodii-saltense plants had white flowers but 
white and light purple flowers occurred in the hybrids with S. tuberosum. 
The corolla was rotate in both (parodii-saltense) x tuberosum and 
(chacoense-rybinii) x tuberosum. 

Two bivalents were usually associated with the nucleolus at diakinesis 
in the hybrids. A summary of the results of analysis of chromosome 
configurations at diakinesis and M I is given in table 2. From the data 
in table 2, the hybrids may be grouped into 3 classes based upon the 
frequency and types of multivalents occurring in them: a. (macolae- 
simplicifolium) x tuberosum and (yabari-stenotomum) x tuberosum have 
several quadrivalents and few trivalents, the quadrivalent frequency in 
the latter hybrid being much higher than in the former as shown in 
figure 1; b (parodii-saltense) x tuberosum has few quadrivalents and no 
trivalents as you will note in figure 3; and c. (stenotomum-saltense) x 
tuberosum and (chacoense-rybinii) x tuberosum have a few quadrivalents 
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TABLE 1.—Allotetraploid — S. tuberosum crosses studied. 


Taxonomic Series of Species 
Cross 

1 tuberosum 
(S. macolae x S. simplicifolium) x Katahdin .. TUB | TUB | TUB 
(S. yabari x S. stenotomum) x C1.B.72 0000... TUB TUB TUB 
(S. parodti x S. saltense) x CI.B.72 COM COM TUB 
(S. stenotomum x S. saltense) x C1.B.72 TUB | COM TUB 
(S. chacoense x S. rybinii) x C1.B.72 COM | TUB TUB 


TUB : Tuberosa Rydb. COM : Commersoniana Buk. 


| 
' 


TaBLe 2.—Chromosome associations in allotetraploid — S. tuberosum 
hybrids. 

| No. of | Mean Frequency per Cell of 

Allotetraploid parent | Stage | PMC’s Uni- | Bi- | Tri- | Quadri- 

Studied | yalents | valents | valents_ 


| 
S. macolae x 


S. simplicifolium | MI 52 21.05 


S. yabari x | 
S. stenotomum Diak. 15 | 15.80 


MI | 16.51 
S. parodii x 
S. saltense Diak. : 23.0 
MI | 22.60 


S. stenotomum x 
S. saltense Diak. | | 3. | 16.4 


MI | 3.76 | 17.94 


S. chacoense x 


MI | 19.14 | 186 (0.26 


and several trivalents, the trivalent frequency being higher in the former 
than in the latter as shown in figures 5 and 6. 

Trivalents, in general, are rather rare in many Solanum tetraploids 
probably because of the predominance of symmetrical arrangements of the 
chromosomes at prophase as evidenced by the preponderance at diakinesis 
and metaphase of quadrivalent types with 3 or 4 chiasmata distributed 
equally in all the arms. The significantly higher frequency of trivalents 
in the hybrids, (stenotomum-saltense) x tuberosum and (chacoense-rybinii) 
x tuberosum, can therefore be regarded as being due to reasons other 


274 
| 
| | | | 
| 0 0.25 
| 0 | 0.25 
| | 244 0.26 
| 
— 


1953] SWAMINATHAN : INTER-RELATIONSHIPS IN SECTION TUBERARIUM 275 


Meiosis in allotetraploid-tuberosum hybrids. 

Figure 1.—/yabari-stenotomum) x tuberosum, M I. 21 + 114 + Otv, 
Figure 2. do . MIT. 25 + 23 segregation. 
Figure 3.—( parodii-saltense) x tuberosum. M 1, 44 + 20" + 
Ficure 4. do . Interphase. 24 + 24 segregation. 


e | 
| | | 
| » 
| 
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Figure 5.—/(chacoense-rybinii) x tuberosum. M 44 + 12 4+ 4 2rv, 
FIGURE 6.—/( stenotomum-saltense) x tuberosum. M 1, 101 + 10 + 611, 
(x 1200) 


than the realization of potential quadrivalents as trivalents and univalents. 
The genome constitution of the hybrids can be represented as in table 3, 
assigning (no doubt arbitrarily) the same genome to the species of a 
taxonomic series (T, representing Tuberosa and C, Commersoniana). It 
is then obvious from the data that the pairing behavior observed in 
the hybrids is what would be expected if some degree of preferential 
pairing exists among the chromosome sets of related species grouped 
under the same taxonomic series. Thus, the presence of several quad- 
rivalents in (yabari-stenotomum) x tuberosum, the absence of trivalents 
and the rarity of quadrivalents in (parodii-saltense) x tuberosum, and 
the formation of as many as 6 trivalents in a cell of (stenotomum-saltense ) 
x tuberosum, as is shown in figure 6, clearly indicate the greater affinity 
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TasLe 3.—Multivalent frequency at M I in hybrids between induced 
and S. tuberosum. 


Ic hromosome! “Frequency, of 


Hybrid Constitution | 


Female Parent Male | Parent Hybrid | Range | Mean Range | Mean 


S. rybinii S. tuberosum) TTTT | 0.32 1-5 2.50 
S. chacoense . | CCTT | 0 | 0-2 0.55 


(S. macolae x 


S. simplicifolium) | | TTTT 


(S. yabari x 


S. stenotomum) TELE 


(S. parodii x 
S. saltense) 


(S. stenotomum x 
S.saltense) | Gree 


(S. chacoense x 


Tt = 1 set (12) of Tuberosa chromosomes. 
= Commersoniana chromosomes. 


between stenotomum and tuberosum chromosomes in comparison with the 
complements of saltense and tuberosum. 

Inversion bridges and fragments were observed at A I in 3 cells of 
(stenotomum-saltense) x tuberosum and in 5 cells of (chacoense-rybinii) 
x tuberosum. The chromosome numbers at M II were counted in several 
plates in all the hybrids, as you will note in figures 2 and 4, and the 
data are given in ‘table 4. The percentage of stainable pollen found in 
the hybrids is presented in table 5. All the hybrids could be easily 
backcrossed to S. tuberosum but none gave seeds on selfing. 


DIscuUSSION 


More than 100 species belonging to the section Tuberarium of the 
genus Solanum have been collected from Mexico and South America 
during the past 25 years and their value as breeding material have in 
many cases been evaluated. These species have been maintained at several 
stations in different parts of the world and thus made available to potato 
breeders interested in them. S. demissum has been the only wild species 
that has been used much in breeding so far. Of late, interest in other species 
like those belonging to the groups Bulbocastana, Cardiophylla, Com- 
mersoniana, Acaulia, Polyadenia and Longipedicellata have been growing, 
since many of them possess either characters not found in S. demissum 
or resistance to diseases and pests of a different type to that shown 
by S. demissum. It is hence important that the practical breeder has 
available to him information concerning the cytogenetic relationships 
between the commercial potato and other wild species. Such data will be 
of help both in the choice of his material and the interpretation of his 
results. 
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It is clear that polyploidy has played an important role in the evolution 
of species in the section Tuberarium. We do not know, however, whether 
the species in the different ploidy levels differ from each other only in 
chromosome numbers and in certain genes or also in chromosome structure. 
To understand this, we must first investigate the mode of differentiation 
among species with the same chromosome number. This has been done in 
the case of certain diploid species belonging to the groups Commersoniana, 
Cuneolata, Demissa and Tuberosa Swaminathan (11). 

Differentiation within a group of related species can be classified 
into three principal categories. 

(1). Species may differ by changes in genes without any structural 
changes in the chromosomes. Gene arrangements in the chromosomes will 
be identical in such cases and as a consequence, there will be no barriers 
to free genetic recombinations. Though linkage may hinder recombination, 
it will not prevent it. Methods of breeding with such species will hence 
be similar to those used with intervarietal hybrids. 

(2). Species may differ in ‘cryptic structural differences’ in their chromo- 
somes Stebbins (7), that is, changes in the chromosomes too small 
to be detected by the usual observations on meiosis in the interspecific 
hybrids. The methods of origin of cryptic structural differences between 
the chromosomes of different species have been discussed in detail by 
Stebbins (8). Translocation of small blocks of genes may give rise 
to chromosomes which are homologous except for some small segments 
(for example, chromosomes ABCDEF and GHIJKLM giving rise to 
ABCDLF and GHIJKEM). A hybrid which carries such chromosomes 
is, of course, a translocation heterozygote. However, because of the 
competition for pairing, this hybrid will have normal bivalents at meiosis 
(ABCDEF/ABCDLF and GHIJKLM/GHIJKEM). Accumulation of 
cryptic structural differences in several, or in all, chromosomes of a set 
might give virtually complete chromosomal sterility, despite regular forma- 
tion of bivalents at meiosis in the hybrid. Stephens (9) has outlined 
the consequences of such a mode of species differentiation in practical 
breeding programs. Gene arrangements in such instances may be different 
and hence linkage may be so great as to prevent effective recombination. 
It is also possible that unbreakable blocks of deleterious characters may 
be introduced along with the favorable characters that are being selected. 
The success from breeding with species that differ in cryptic structural 
differences will thus be largely dependent on chance. 

(3). Species may differ by gross chromosome differences permitting 
the classification of the chromosome sets into distinct genomes, as for 
example, has been done in the genus Triticum. Breeders using such material 
can adopt procedures such as those suggested by McFadden and Sears 
(6). 

Considering the problem of differentiation in the species mentioned 
in this paper, we see that the diploid species of the series Commersoniana 
and Tuberosa cross readily and give rise to hybrids showing regular 
chromosome pairing at meiosis. These species can therefore differ from 
each other only either in their genes or in cryptic structural differences. 
The fertility of the F, hybrids suggests that the differentiation may be 
mainly of a genic nature. However, the reduced seed setting in the hybrids, 
the occurrence of aberrant plants in Fy, progenies and the preferential 
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pairing observed in allotetraploids indicate that a certain amount of 
structural differentiation may exist among the chromosome complements 
of these species. 

Hybrids between auto- and allo-tetraploids of diploid species belonging 
to the serie? Commersoniana and Tuberosa and S. tuberosum provide 
suitable material to obtain critical evidence of the relationship between 
their genomes. An analysis of the multivalent associations found at M I in 
these hybrids is given in table 3. The presence of several quadrivalents 
in TTTT hybrids, the preponderance of bivalents in CCTT hybrids and 
the formation of several trivalents in CTTT hybrids clearly show the 
extent of preferential pairing prevalent among the genomes of the species 
of Tuberosa and Commersoniana. The cytological data thus support the 
taxonomic classification. 

The occurrence of fewer quadrivalents in the hybrid between (macolae- 
simplicifolium) x tuberosum in comparison with the frequency in the 
other TTTT hybrids would suggest that cultivated diploid Tuberosa species 
like S. stenotomum, S. yabari and S. rybinii are genetically more closely 
related to S. tuberosum than the wild Tuberosa species like S. macolae and 
S. simplicifolium. The observation that more trivalents are formed in 
(stenotomum-saltense) x tuberosum than in (chacoense-rybinii) x tuber- 
osum lends support to the view of Hawkes (3) that S. stenotomum 
is the most important diploid species from the point of view of the evolution 
of S. andigenum and S. tuberosum. 

The general conclusion to be reached from these results is that 
breeding with species of Commersoniana, like S. chacoense, may be 
unpredictable with reference to the end results. If the useful gene or 
genes happen to be situated in a differential segment along with certain 
undesirable ones, it will be difficult to break this combination. Torka 
(12), studying the inheritance of resistance to the colorado beetle in 
chacoense-tuberosum progenies, found that “clones with a good yield 
capacity frequently show only slight resistance, those with high resistance 
are mostly disappointing because of low yield and long stolons.” Inheritance 
patterns in other species or with reference to other characters can, 
however, be different. The results therefore emphasize the need for 
undertaking intensive cytogenetic studies in the section Tuberarium. 


SUMMARY 


1. Ten F, hybrids from crosses (3 intra-series and 7 inter-series) 
between diploid species belonging to the taxonomic series Commersoniana 
and Tuberosa had 12 bivalents at M I. All of them had 80 to 95 
per cent stainable pollen. The inter-series hybrids showed some reduction 
in the average number of seeds formed in a berry in comparison with 
that found in the parent species. There were varying proportions of 
aberrant plants among Fy. progenies grown from seeds obtained following 
sib-crosses in F, plants. 

2. Allotetraploids derived from S$. chacoense x S. rybinii and S. 
stenotomum x S. saltense had a significantly lower quadrivalent frequency 
in comparison with the autotetraploids from the same species. There was 
no such significant difference in the case of S. yabari x S. stenotomum 
and S. parodii x S. saltense. 
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3. Tetraploid S. rybinii x S. tuberosum and tetraploid S. chacoense x 
S. tuberosum hybrids had a mean frequency of 2.5 and 0.55 quadrivalents 
per cell respectively at M I. 

4. Five allotetraploid x S. tuberosum hybrids were studied. Among 
them, (yabari-stenotomum) x tuberosum and (macolae-simplicifolium) x 
tuberosum had on an average about 3 and 1 quadrivalent per cell respectively 
at M I; (parodii-saltense) x tuberosum had nearly all bivalents; and 
(stenotomum-saltense) x tuberosum and (chacoense-rybinii) x tuberosum 
had 2 to 3 trivalents. 

5. The results suggest that the species of Commersoniana and Tuberosa 
investigated may possess small differences of a ‘cryptic structural nature’ 
in their chromosomes. Existence of such differences will imply that results 
from breeding with species like S. chacoense may be unpredictable. 

6. S. stenotomum appears to be genetically the most important among 
the diploid species so far studied with reference to the evolution of S. 
tuberosum. 


ACKNOWLEDGMENTS 


Part of the experimental work described in this paper was carried 
out at the Plant Breeding Institute, School of Agriculture, Cambridge, 
England. The author's thanks are due to Dr. G. D. H. Bell, Director of 
that Institute, for providing the necessary facilities for the investigation and 
to Dr. H. W. Howard for many discussions. He is also indebted to 
Dr. K. S. Dodds of the Potato Genetics Station, Cambridge, and Dr. H. J. 


Toxopeus of the Institute of Plant Breeding, Wageningen, Holland, for 
providing the material used in the study; and to Drs. D. C. Cooper, G. H. 
Rieman and R. W. Hougas of the University of Wisconsin for suggestions. 


LITERATURE CITED 


Bukasov, S. M. 1939. The origin of potato species. Physis, B. Aires 18: 41-46. 

Charles, A. W. 1951. Resistance to d/ternaria solani. 22nd Ann. Rep. Common- 
wealth Agr. Bur. 1951. Pp 32-34. (Plant Breeding Abst. 22: No. 1236, 1952). 

Hawkes, J. G. 1944. Potato collecting expeditions in Mexico and South 
America. II, Systematic classification of the collections. Imp. Bur. Plant 
Breed. Genet. Cambridge. Pp. 142. 

Hougas, R. W. 1953. Inter-regional Potato Introduction Station (Dept. of 
Genetics, University of Wisconsin). 1952 Seed and Tuber list — Solanum 
species. 23 pp. (Mimeographed ) 

Howard, H. W. and M. S. Swaminathan. 1952. Species differentiation in 
the section Tuberarinm of the genus Solanwmn with particular reference to the 
use of interspecific hybridization in breeding. Euphytica 1: 20-28. 

McFadden, E. S. and E. R. Sears. 1947. The genome approach in radical 
wheat breeding. Jour. Amer. Soc. Agron. 39: 1011-1026. 

Stebbins, G. L. 1947. Types of polyploids: their classification and significance. 
Adv. Genetics 1 : 403-429. 

— . 1950. Variation and evolution in plants. Oxford Univ. Press. Pp. 643. 

Stephens, S. G. 1950. The internal mechanism of speciation in Gossypium. 
Bot. Rev. 16: 115-149. 

Swaminathan, M. S. 1951. Notes on induced polyploids in the tuber-bcaring 
Solanum species and their crossability with S. tuberosum, Amer, Potato Jour. 
28 : 472-489. 

1953. Species differentiation in the section Tuberarium, genus 
Solanum (under publication). 

Torka, M. 1950. Breeding potatoes with resistance to the colorado beetle. 

Amer. Potato Jour. 27 : 263-271. 


2. 
4. 
6 
8. 
9. 
10. 
11. 
12. 


Breaking Records for Profitable Crops/ 
NORTH DAKOTA 
SEED 
~ POTATOES 


STATE. SEED DEPARTMENT 


Stati 


WANTED 


We are in need of certain volumes of the American Potato Journal. 
If you are not using your old Journals why not sell them? We will pay 
the prices noted below for the issues listed. Look through your Journals 
and send any of the desired copies to the Treasurer. Prompt payment 
will follow. 
Volumes 1 aia 5 @ 50¢ per copy. Complete volumes $6.00. 
Volume 6, Nos. 4, . 10, 11 @ 50¢ per copy. Complete volume $4.50. 
Volume 7 @ 50¢€ per copy. Complete volume $6.00. 
Volume &, all but No. 11 @ 50¢ per copy. Complete volume $6.00. 
Volume 9, Nos. 2, 5,8 @ 50¢; Nos. 1,4, 7,10 @ 25¢. Complete volume $3. 
Volume 10, Nos. 1, 4. 8, 12 @ $1.00. Complete volume $5.00. 
Volume 11, Nos. 1, 4.7 @ 50¢. Complete volume $2.50. 
Volume 12, Nos. 2, 8.9 @ 50¢. Complete volume $2.50. 
Volume 13, Nos. 1, 2 @ 50¢. Complete volume $2.00. 
Volume 14, Nos. 1, 4 @ 50¢. Complete volume $2.00. 
Volume 15, No. 2 @ $1.00. Complete volume $2.00. 
Volume 16, No. 12 @ $1.00. Complete volume $2.00. 
Volume 17, No. 3 @ $1.00. Complete volume $2.00. 
Volume 20, No. 2 @ $1.00. Complete volume $2.00. 


Volume 23, Nos. 1, 3 @ $1.00. Complete volume $2.00. 


y Grown above the 47th parallel North aa 


POTASH and POTATOES 


In checking your yields, did a big percentage of No. 1, 
high-quality potatoes indicate that your crop was able to 
get enough potash? If not, consult your official agricultural 
adviser or experiment station about the fertility of your soil. 
Potatoes are greedy feeders on potash. For a good yield 
of No. 1’s, soil and fertilizer should supply at least 200 Ibs. 
of available potash (K.O) per acre. Write us for free in- 
formation. 


American Potash Institute, Inc. 


1102 Sixteenth St., N.W. Washington 6, D.C. 


Member Companies: 


American Potash & Chemical Corporation e Duval Sulphur & Potash 
Company e Potash Company of America e Southwest Potash Cor- 
poration e United States Potash Company 


INCREASE YIELD AND QUALITY WITH FERTILIZER 
CONTAINING SOLUBLE MAGNESIUM—THE FOURTH PLANT FOOD ELEMENT 


WATER-SOLUBLE K2SO4 
DOUBLE SULFATE OF POTASH-MAGNESIA 


Sul-Po-Mag supplies a 
properly balanced 
combination of sulfate of 
potash and sulfate of 
magnesium, both in soluble 
form. Leading fertilizer 
manufacturers regularly use 
Sul-Po-Mag in their quality 


grades to provide soluble 
magnesium. Look for it 
potash division in the bag and on the bag. 


INTERNATIONAL MINERALS & CHEMICAL CORPORATION 
General Offices: 20 North Wacker Drive, Chicago 6 
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University Microfilms 
$13 North lst St 


Ann Arbor 


AGE 


Michigan 


f 


planting, greater yields? 


4% 


For greater accuracy and flexibility, easier 
planting, greater yields—no matter what 
your acreage or soil condition—insist on 
Iron Age Potato Planters and the exclu- 
sive, scientific Iron Age Band-Way meth- 
od of fertilizer placement! Band-Way sows 


fertilizer exactly the right distance from 
plants and seeds, where it does the most 
good. Stops fertilizer injury, leaching, fix- 
ation, burning . . . brings more plants to 
healthy, productive maturity . . . increases 
your profit per acre. 

Check Iron Age’s rugged construction 
... self-aligning roller bearings that mean 
lighter draft .. . larger, all-steel hoppers 
for longer life... and you’ll see why Iron 
Age is your best buy! Available in one-, 
two-, or four-row models. 

For more details, see your Oliver lron Age 
dealer, or write to: THE OLIVER CORPORATION, 
Dept. 01, 400 W. Madison St., Chicago 6, Illinois. 


PLANT AND SPRAY... THE IRON AGE WAY 


OLIVER Br est |" 
| 


